ABSTRACT The present study aimed to investigate the influence of feed form and the level of dietary crude protein (CP) on the growth performance and carcass traits of growing geese. A total of 180 Egyptian geese (1 wk old) were randomly divided into 9 groups (20 chicks per group). Each group was subdivided into five replicates, with 4 birds per replicate. A 3 × 3 factorial experiment was performed with 3 types of diets (pellets, crumble, and mash) and 3 levels of dietary CP (22%, 20%, and 18% during the starter period and 20%, 18%, and 16% during the finisher period). The type of feed had significant (P ≤ 0.05) effects on body weight, body weight gain (ADG), the feed conversion ratio (FCR), and the protein efficiency ratio (PER) during all experimental periods, except ADG and PER from the 8th to 12th week. Dietary CP levels had significant effects on feed consumption (FC), FCR, and PER (p < 0.05 or 0.01) except from the 1st to 7th week for FC, 8th to 12th week for FCR, and 1st to 7th week for PER. Carcass, liver, heart, dressing, and wings (%) were found to be significantly (P < 0.01) improved in geese fed pellets compared to geese fed other types of diets. Birds fed a high-CP diet featured the highest (P < 0.05) values for liver, gizzard, heart, and giblets compared to the other groups at 12 wk of age. In conclusion, the present findings show that pellet and crumble feed are better than mash feed for promoting the growth of growing geese from the 1st to 12th week of age. The optimal dietary CP requirements for growing geese from the 1st to 7th and 8th to 12th weeks of age are 18% and 16%, respectively.
INTRODUCTION
All species of geese belong to the order Anseriformes and family Anatidae (Farrell, 2004) . Geese were domesticated in Egypt more than 4,000 yr ago, making them one of the first avian species to be domesticated. Additionally, the growth rate of geese is the most rapid of all domesticated poultry species (Farrell, 2004) during the starting and growing periods. Like most waterfowl species, geese tend to deposit fat in the body, and thus a large proportion of their very rapid growth occurs in the skin, feathers, and body fat. When economically feasible, such concerns must be accommodated in feeding programs (Lu et al., 2011; Arroyo et al., 2013) .
In 2016, the worldwide production of goose meat reached 2.5 million tons, with China producing 94.85%, Poland 1.21%, Egypt 1.05%, Hungary 1.01%, Madagascar 0.50%, Myanmar 0.33%, and France 0.11% (FAO, 2016) . Asia, particularly China, produces both goose meat and eggs, while Eastern Europe mainly produces meat. Geese form a fatty liver (foie gras) after feeding on a diet rich in carbohydrate, possibly as an evolutionary adaption to accumulate reserves for migration (Zhu et al., 2011) . Fatty liver (foie gras) is observed in some birds when lipogenesis exceeds the ability to secrete and synthesize lipoproteins. This ability to store fat in liver is used for the production of foie gras via overfeeding specific breeds of geese and ducks with a carbohydraterich diet (Hermier et al., 1999; Davail et al., 2000) . The waterfowl industry has been relatively static in terms of overall production and marketing opportunities; as there are now very few internationally recognized commercial breeders, performance has become more standardized, specialized, and widespread.
Due to the absence of feeding standards for geese, farmers have to rely on personal experience and feeding standards for chickens to determine feeding allowances (Leeson and Summers, 2008; Arroyo et al., 2012a,b) . Nowadays, various commercial feed mills produce different forms of feed for birds of different age groups (Zohair et al., 2012; Farghly and Mahrose, 2018) , such as pelleting (Chehraghi et al., 2013) . The physical form 761 of a diet (i.e., mash, pellet, or crumble) is a crucial factor affecting the meat and egg yield of poultry. In addition, feed form influences the cost of mixed feed and the production performance of broiler flocks (Ahmed and Abbas, 2013; Zaefarian et al., 2016) . Pellet-based poultry diets have been shown to improve the efficiency of feed and enhance the economic return of poultry (Amerah et al., 2008) . During the brooding period, a waterfowl starter ration in the form of crumbles or small pellets should be fed ad libitum (Buckland and Gérard, 2002) . Chewning et al. (2012) found that pellet feed resulted in a higher body weight (BW) and improved feed efficiency compared with mash feed. Mash-based diets are not recommended as they flow poorly through mechanical feeding equipment, resulting in poor growth performance (Dozier et al., 2010) .
It is necessary to study the requirements of geese and establish more precise feeding standards for each breed of goose to ensure effective production. Dietary crude protein (CP) and amino acid concentration should meet the maintenance and tissue accretion needs of different poultry species, especially toward the middle and end of the grow-out period. Dietary levels of energy and protein played crucial roles in the activities of some digestive enzymes such as trypsin and chymotrypsin, but had little impact on the activities of cellulase and amylase (Yang et al., 2017) . Under-and over-formulation of dietary CP and amino acids will decrease performance and increase nitrogen excretion, respectively (Kidd et al., 2004; Alagawany et al., 2014; Ho et al., 2015) . Starter rations normally have a CP level of 16-18% and a metabolizable energy level of 10.86-12.12 MJ/kg (Leclercq et al., 1987) . Su and Ma (1997) showed that there was no significant effect on body weight gain (ADG) when dietary CP decreased from 24 to 20% during the fattening period. Likewise, Allen (1983) reported that dietary CP should be 20% from 0 to 4 wk of age. The objective of our study is to study the effect of feed form and dietary CP level on growing Egyptian geese. Evaluation was made of growth performance during rearing (1-12 wk), carcass characteristics, and biochemical blood parameters of geese aged 12 wk.
MATERIALS AND METHODS
The present study was conducted at Poultry Research Farm, Department of Poultry, Faculty of Agriculture, Zagazig University, Egypt. All experimental procedures were carried out in accordance with the Local Experimental Animal Care Committee (EACC), which approved the study. Birds were cared for using husbandry guidelines derived from Zagazig University's standard operating procedures.
A total of 180 healthy males of 1-week-old Egyptian geese with average BW of 135.88 ± 8.39 g were randomly divided into 9 treatment groups (20 males per group). Each group was subdivided into 5 replicates, with 4 birds per replicate. Geese were reared during the experimental period in suitable pens under the same managerial, hygienic, and environmental conditions in a confinement building. Birds were exposed to 24 hr of light per day (continuous light) during the first 3 D of the experiment, then to 23 h of light per day for the rest of the experiment. They were fed ad libitum, and fresh water was available during all the experimental periods.
Experimental Design and Feed Preparation
The present experiment consisted of a 3 × 3 factorial arrangement of treatments. A total of 3 types of diets (pellets, crumble, and mash) and 3 levels of CP (22%, 20%, and 18%) were employed during the starter period (1-7 wk of age) to study their effects on growth performance and carcass characteristics of growing geese. Levels of CP of 20%, 18%, and 16% were used during the finisher period (8-12 wk of age). The experimental diets were formulated to be isocaloric and were supplemented with amino acids to meet the nutritional requirements of growing geese proposed by the NRC (1994), as shown in Table 1 . A portion of the mash diets of the treatments, were steam-conditioned for approximately 10 s at a constant temperature of 85
• C. Then, pellets were formed using a pellet mill (MUZL-350, Muyang Corp., Yangzhou, China) equipped with a 38 mm die with 2 mm holes and cooled with ambient air in a cooler (SKLN14 × 14A, Muyang Corp., Yangzhou, China). A standardized pellet durability index was determined using procedures outlined in the American Society of Agricultural Engineers standard S269.4 (ASAE, 2003) . Half of the pellet-based diets were converted to crumble-based diets. Pelletization was performed using a pellet mill. The feed was conditioned and thermally treated in the fitted conditioners of a pellet mill. The three crumbled diets were prepared by crushing pelleted feed. All diets and ingredients were analyzed to determine their nitrogen content using the microKjeldahl method 984.13 (AOAC, 2006) , ether extract using method 920.39A (AOAC, 2006) , crude fiber using method 978.10 (AOAC, 2006), and ash using method 968.11 (AOAC, 2006) .
Data Collection
Birds were weighed individually at 1, 7, and 12 wk of age. Feed consumption (FC) and mortality were recorded daily (mortality rate was zero for all treatments and diet formulations, so those data are not shown). Body weight gain and the feed conversion ratio (FCR) were then calculated. The protein efficiency ratio (PER) was calculated by dividing protein intake by ADG (Kamran et al., 2008) .
At the termination of the experiment, 45 birds (5 in each group) were sampled randomly for carcass evaluations, weighed, and manually slaughtered at 12 wk of age and weighed again to obtain carcass weight (without feet and neck). Carcass yield was measured as the carcass weight in relation to BW and expressed as BW percentage. Carcass parts (Eviscerated carcass, liver, heart, gizzard, breast, thighs, wings, back, and neck) and abdominal fat were determined according to the process proposed by Blasco and Ouhayoun (1996) . The carcass weights were calculated as a percentage of the pre-slaughter live BW of growing geese. The following equation was used: dressed weight = (carcass weight + giblets weight)/live BW. The serum concentrations of total protein, albumin, glucose, total lipids, and cholesterol were measured colorimetrically. In addition, the levels of alanine transaminase (ALT) and aspartate transaminase (AST) were determined. These blood biochemicals were analyzed using colorimetric kits produced by Diamond Biodiagnostic (Egypt) and measured using a Milton Roy Spectronic 1201 computerized spectrophotometer. Serum globulin values were calculated by subtraction.
Statistical Analysis
Data were statistically analyzed on a 3 × 3 factorial arrangement basis in line with Snedecor and Cochran (1982) using the following model:
where Yijk is an observation, μ is the overall mean, Ai is effect of feed form (I = 1-3), Sj is effect of CP level (j = 1-3), ASij is the interactions between two variables, and eijk is the experimental random error. The post-hoc Newman-Keuls test was carried out to detect differences among treatments. All differences were considered to be significant at P < 0.05.
RESULTS

Growth Performance
The effects of feed form and dietary CP level on growth performance are presented in Table 2 . Different feed forms had significant (P < 0.05) effects on BW, ADG, FC, and PER at different experimental periods, especially at marketing age. Geese fed pellets and crumble achieved the greatest BW and ADG, while the group fed mash achieved the lowest values. Better FCR and PER values were observed for birds fed a pelletbased diet compared to those fed other types of feed. There were no significant differences in BW and ADG due to dietary CP level, although there were significant (P < 0.01) changes in FC, FCR, and PER due to dietary CP level. Birds fed a high-CP diet consumed more feed (P < 0.05) than those fed moderate or low CP diets from 8 to 12 wk of age or throughout the 12-week period. FCR was significantly different for different CP levels (P < 0.001) during the 1st to 7th and 1st to 12th week of age. Moderate FCR and low CP levels (20% and 18% during the starter period and 18% and 16% through the finisher period) were not significantly different, but they were significantly lower than high CP levels (22% or 20% during the starter and finisher periods, respectively). That is to say, FCR was better at low levels of CP. The PER of growing geese was gradually increased by increasing dietary CP from the 8th to 12th week and 1st to 12th week. The highest PER values were achieved by geese fed a high-CP diet. Conversely, geese fed a low-CP diet achieved the lowest PER values.
In the present study, no significant effects were recorded due to feed form × dietary CP on all performance parameters except BW and PER at week 12 and from the 1st to 7th week of age, respectively (Table 3 ). The highest BW (3396 g) and PER (2.41 g gain/g protein) values were achieved by geese receiving pellet-based diets containing a low level of CP (P = 0.044). In contrast, the geese receiving mash-based diets with a low level of CP recorded the lowest LBW (2952 g) and PER (1.88 g gain/g protein) values. Table 4 summarizes the impact of feed forms and dietary CP levels on carcass characteristics at 12 wk of age. All studied carcass parameters of geese were significantly (P < 0.05) influenced by the different forms of feed, except the percentages of breast meat, thighs, and back. The percentages of the carcass, liver, heart, dressing, and wings of the pellet-fed group were found to be significantly (P < 0.01) higher than those of the other groups. Gizzard and giblets values were statistically (P < 0.01) increased in geese fed a mash-based diet compared to other treatments. Neck and abdominal fat were increased for the crumble-fed group (P < 0.001).
Carcass Characteristics
Dietary CP level had significant effects on carcass characteristics (P < 0.05) but no statistical effects on dressing and back percentages. Geese fed a high-CP diet produced the highest (P < 0.05) liver, gizzard, heart, and giblets values compared with those fed other diets at 12 wk of age. On the other hand, the largest values of eviscerated carcass, breast meat, wings, and neck were observed for geese fed diets with a moderate level of CP compared to other levels. The effects of dietary CP level on abdominal fat percentage were significant (P < 0.001); abdominal fat percentage was 2.17% with low CP and higher than 1.75% or 1.72% with moderate or high CP, respectively.
The data presented in Table 5 clearly indicate that the effect of interactions among feed forms and dietary CP levels on most carcass characteristics was significant, except for thigh and back percentage for which the interaction was insignificant (P < 0.05). In this study, the highest percentages of dressing (71.73%, eviscerated carcass (64.29%), heart (0.88%), and wings (11.52%) were observed for geese fed a pellet-based diet containing high levels of CP. The best percentages of gizzard (6.10%), giblets (9.28%), and breast meat (17.50%) were achieved by birds fed a mash-based diet with high (gizzard and giblets) and moderate levels of CP (breast). The group of geese fed a crumble-based diet containing a low level of CP had a higher (P < 0.001) percentage of abdominal fat.
Blood Biochemicals
Tables 6 and 7 summarize the effects of feed forms, dietary CP levels, and their interactions on blood biochemicals at 12 wk of age. All the studied blood biochemicals of geese were insignificantly influenced by different feed forms and the interaction between feed form and dietary CP (Tables 6 and 7) . Total protein, albumin, AST, and ALT significantly (P < 0.001) differed based on dietary CP levels (Table 6 ). Birds fed diets with 22% CP had the highest levels of total protein and albumin and the lowest AST and ALT activities compared with the other groups.
DISCUSSION
Different feed forms and dietary CP levels play a vital role in growth performance. In the current experiment, birds fed pellets and crumble achieved the greatest performance indices, including BW, ADG, FCR, and PER, while the opposite occurred in the mash group. The growth patterns of young birds determine their nutritional requirements and the length of the pre-fledging period (Sedinger, 1986) . Similar findings were obtained by Parsons et al. (2006) , who found a non-significant difference in the FC of mash-fed and pellet-fed birds from 21 to 42 D of age. Recently, crumble feed has become popular in poultry production due to its convenience. However, Chewning et al. (2012) found that pellet feed resulted in a higher BW, ADG, and improved FCR compared with mash feed. Additionally, the FCR is likely to be less efficient for mash than pellets (Cherry and Morris, 2008) . Reece et al. (1984) reported that the best FCR was obtained when waterfowl were fed high-energy and high-protein crumble feed. Kim and Chung (1994) concluded that crumblepellet treatments significantly improved FCR. Optimal FC is dependent on a number of factors such as physical feed form, animal age, production stage, and nutrient density (Ahmed and Abbas, 2013) . It is generally accepted that a pellet-based diet improves growth rate compared to a mash-based diet (Nir et al., 1994; Abdollahi et al., 2013) . The observable improvement in performance achieved by crumble-or pellet-based diets may be due to decreased ingredient segregation, reduction of energy during prehension, improved digestibility and bioavailability of nutrients, less time and energy expended for prehension, improved gut motility, destruction of pathogenic organisms, thermal modification of starch and protein, and increased palatability (Behnke, 1998; Abdollahi et al., 2013) . In addition, birds fed pellets had lower heat increments and utilized more feed energy for productive purposes than those fed mash (Latshaw and Moritz, 2009 ). However, feeding poultry a pelleted diet is not enough to ensure enhanced performance (Jafarnejad et al., 2010) . The results of Arroyo et al. (2013) confirmed that the diet form presentation influences live BW at 98 D of age. Body weight was 3.7% lower in the control (pelleted diet) than in the mixed (500 g/kg of protein-rich pellets and 500 g/kg of sorghum whole seeds) group (P = 0.006).
Our results are supported by Nir et al. (1995) who observed that pellets containing coarser material dissolve more slowly in the crop, increasing the time needed to digest and thereby improving feed utilization. Furthermore, Arroyo et al., (2017) reported that the volume of crop is affected by the hydration capacity of rations. In this line, a good development of the bird's crop is important to achieve good performance throughout the fattening period (Arroyo et al., 2012a) . Since, a relationship between the volume of crop and hydration capacity of diet at the end of the fattening period has been shown in geese (Arroyo et al., 2012a) . Fairfield (2003) reported that pelleting of diets also increases the bulk density of feed, improving feed flow ability, and providing opportunities to reduce feed formula costs through the use of alternative feed ingredients. Scott and Dean (1991) indicated that the structure of the waterfowl bill, which allows efficient straining of submerged food material as well as consumption of most appropriately sized dry food particles, is not designed well for mash feed consumption. Furthermore, mash feeding leads to an increase in feed wastage that occurs when birds attempt to shake or wash off mash adhered to their bills. Most mashes form a sticky paste when mixed with saliva and adhere to the papillae and other structures bordering the outer margin of the tongue and upper and lower bill. Moran Jr. (1985) pointed out that this caking interferes with the movement of food mass to the tongue, where it is normally rotated and coated with saliva and then propelled back to the esophagus for swallowing.
Our findings are also supported by Munt et al. (1995) and Preston et al. (2000) , who found that the performance of mash-fed birds was significantly poorer than that of birds fed other diets. Also, Kim and Chung (1994) and Jahan et al. (2006) concluded that mashfed birds had lower BW at 41 and 56 D than birds fed crumble and pellets. Runnels et al. (1976) and Reece et al. (1985) reported that crumble feed increased BW more than other forms of feed. The present study also agreed with the findings of Zakaria et al. (2013) , who found that chicks fed a crumble-based diet gained more weight and that a pellet-based diet significantly improved weight gain compared to those fed a mash-based diet. Similarly, Deaton (1992) and Asha Rajini et al. (1998) observed that pellet-fed birds gained more BW than those fed mash. Furthermore, Zang et al. (2009) reported that chicks grew faster when fed pellets or crumbles than when the same diets were fed in mash form.
The results of the current study revealed that dietary CP concentration did not affect growth performance indices (BW and ADG). These results partially agreed with those of Min et al. (2007) , who found that the BWG of geese fed 17.5% and 20% CP diets was not different but was higher than those who had diets with a CP concentration of 15.0%. Our findings are partially agreed with Ho et al. (2015) who observed no significant effects of dietary protein levels (19 vs. 13% CP) on geese performance including BW and BWG from 2 to 8 wk of age. This is in line with the data of the growth rate in the current study, which revealed dietary CP level did not affect BW and BWG. Under the conditions of the present experiment, FC, FCR, and PER were significantly improved with increasing dietary CP. The optimum CP requirements for geese differed in different studies. Results generally ranged from 17.67% to 24%, with 20.0% being the most common conclusion (Allen 1983; Su and Ma, 1997; Chang et al., 2016) . On the other hand, the current experiment also indicated that the interactions between feed form and dietary CP level had no significant effects on geese growth performance, except on final BW and PER during the starter period. These results were contrary to those obtained by Jensen et al. (1965) , who concluded that pelleting increased the CP requirement for growing turkeys compared to similar diets in mash form. When diets were formulated with critical levels of CP, pelleting accentuated the deficiency. Jensen et al. (1965) suggested that when diets are in pellet form, productive energy is increased and CP requirement is increased as a proportion of the diet. There were non-significant interactions between feed form and CP levels regarding growth performance and feed utilization at all studied ages (Jafarnejad et al., 2010) .
In the present study, the group of geese fed a pellet-based diet had higher percentages of eviscerated carcass, dressing, liver, heart, and wings, but the abdominal fat percentage was lower for those geese fed a mash-based diet. The best percentages of carcass characteristics were achieved by geese fed pellet-based diets with high protein concentrations. El-Deek and Brikaa (2009) found that the relative weights of dressing, liver, gizzard, thigh muscles, and breast muscles of ducks were not significantly affected by feed form (pellet or mash) at the end of the experiment (63 D of age). However, Ahmed and Abbas (2013) indicated that the physical form of feed (mash, pellet, and crumble) is an important factor affecting the meat yield of a broiler flock.
Irrespective of the effect of feed form, the percentages of eviscerated carcass, breast meat, dressing, and giblets (gizzard, liver, and heart) were the highest, and the percentage of abdominal fat was lower for geese fed high-or moderate-CP diets than from those fed low-CP diets. These results coincided with those found by Min et al. (2007) for eviscerated carcass, breast meat, and abdominal fat percentages, but not their results regarding liver percentage. Whereas, increasing dietary CP was associated with increased breast meat which was in accord with our findings (Min et al., 2007) . Breast meat yield (P < 0.01) and carcass weight (P < 0.01) statistically increased, and fat yield (P < 0.01) statistically decreased by increasing CP-diet from 15 to 19% at 28, 32, and 35 D of age (Zeng et al., 2015) . During 0-4 wk of age, goslings were able to achieve ideal growth rates and carcass characteristics with 20.0% CP (Summers et al., 1987) . These results were in agreement with the current experiment in breast percentage but contrary to carcass yield and abdominal fat percentage. Different dietary CP levels and breeds are likely to lead to different results.
Moreover, different breeds, feed forms, and dietary CP levels are likely to produce different results. In this context, Jeroch et al. (1978) found that meat yield improved with increasing CP levels in diets intended to fatten young geese. The indexes of birds' growth performance are often considered a normal indicator of the requirements for animal dietary CP and other nutrients. However, it is not always able to reflect the requirements for the best carcass components of an animal; thus, it is necessary to further consider the carcass characteristics of an animal. Based on the current study, we considered the eviscerated carcass, giblets, breast meat, and abdominal fat percentages to be sensitive carcass traits indices on the research concerning dietary CP and other nutrient requirements.
Blood biochemicals are indicators of organ diseases and correlate with the quality of the diet (Ojediran et al., 2017) . In accordance with the present findings, Zakaria et al. (2013) , Rezaeipour and Gazani (2014) , and Fasuyi and Odunayo (2015) found that the blood biochemicals did not indicate that feed form was significant. On the other hand, Ojediran et al. (2017) did not show that dietary protein levels (22 vs. 16%) had any significant effect on blood biochemicals. Additionally, dietary protein levels did not cause any significant change in cholesterol levels in broiler flocks (Erol et al., 2017) .
In conclusion, the findings of this study show that pellet and crumble feed are better than mash feed for the growth performance of growing geese during the fattening period (1-12 wk of age). The dietary CP requirements for growing geese aged 1-7 and 8-12 wk are 18% and 16%, respectively. This result was lower than the feeding standards proposed by the NRC (1994).
